Introduction
The hippocampus is perhaps the most stress sensitive structure in the mammalian brain. Sapolsky and McEwen (Sapolsky et al., 1985) discovered that elevating corticosterone levels into the high physiological range reduced the number of hippocampal neurons in rats. Further studies showed that excessive exposure to glucocorticoids led to reversible atrophy of dendritic processes in the Cornu Ammonis (CA, particularly CA3) and suppression of neurogenesis within the dentate gyrus (DG) (Sapolsky, 1996) . Alterations in hippocampal volume were subsequently reported in a number of psychiatric disorders including major depression, post-traumatic stress disorder, anxiety disorders, bipolar disorder, schizophrenia, substance abuse and personality disorders (Geuze et al., 2005) .
Recent studies also show a strong association between childhood maltreatment and adult hippocampal volume (Teicher et al., 2012 (Teicher et al., , 2016 . These studies are particularly germane as maltreatment is a risk factor for all of the psychiatric disorders associated with reduced hippocampal volume and may serve as a unifying mechanism (Teicher and Samson, 2016; Teicher et al., 2016) . We recently reported that maltreatment was most strongly associated with volume reduction in subfields containing CA3 and DG (Teicher et al., 2012) , suggesting that maltreatment exerts similar effects on human hippocampus as early life stress exerts in animal models. We further found dose-dependent relationships between reduction in subfield volume and number of types (multiplicity) or cumulative severity of maltreatment during childhood (Teicher et al., 2012) . Other laboratories have reported similar dose-dependent effects (Opel et al., 2014; Thomaes et al., 2010) .
Hence, these studies suggest that multiplicity or severity are key childhood allostatic load determinants of hippocampal gray matter volume (GMV). However, we also found in a study of women with histories of sexual abuse (Andersen et al., 2008) and in a mixed-gender longitudinal sample (Pechtel et al., 2014) preliminary evidence for sensitive periods when the hippocampus was maximally susceptible to abuse.
Whether the hippocampus is primarily vulnerable to maltreatment at selective ages, or to severity of exposure throughout childhood is a critically important question. First, this distinction may lead to different appraisal of which maltreated children are at greatest risk for alterations in hippocampal volume. Second, they implicate different underlying mechanisms. The presence of sensitive periods suggests that vulnerability occurs during specific developmental stages and is likely tied to processes occurring precisely at that time (McEwen, 2003) .
The observation that hippocampal volume appears to be affected in a dose-dependent manner by multiplicity of exposure does not exclude the possible primacy of sensitive exposure periods. The monotonically increasing relationship between number of types of maltreatment and outcome may simply be a byproduct of the fact that exposure to more types of maltreatment increases the likelihood of experiencing a critical type of maltreatment at a critical age (Khan et al., 2015) .
To compare allostatic load versus sensitive period models we used the Maltreatment and Abuse Chronology of Exposure (MACE) scale to assess severity of recollected exposure to ten types of maltreatment during each year of childhood (Teicher and Parigger, 2015) . Although there are several different types of maltreatment they can be divided into two broad categories: neglect and abuse. From a neurobiological perspective, neglect (or deprivation) is the absence of experiences required to express an underlying genetic potential in a key developing neural system. In contrast, what we refer to here as abuse, but has also been referred to as trauma or threat, are developmental experiences that activate stress response or threat detection systems in such a way as to alter their function and affect trajectories of brain development (McLaughlin et al., 2014; Perry, 2008) .
In short, detailed MACE information on extent of neglect and severity of abuse across each year of childhood were analyzed using predictive analytic techniques and artificial intelligence to provide a powerful means of identifying sensitive exposure periods (Khan et al., 2015) . We report that type and timing were more important predictors than measures of childhood allostatic load. Further, there were marked gender differences with neglect between ages 1-7 being the most important predictors in males and abuse at 10-12 and 15-17 years being the most important predictor in females.
Methods

Participants
The McLean Hospital Institutional Review board approved this study. All subjects provided written informed consent after the study was carefully explained and questions answered. They were screened, recruited, and evaluated using previously published methods (Khan et al., 2015; Teicher et al., 2014) . Recruited subjects were medically healthy, right handed, unmedicated and between 18 and 25 years of age. Individuals with a current or prior history of neurologic disease, or who had experienced concussion or head trauma resulting in loss of consciousness for more than 5 min were excluded from this study. Individuals were also excluded if they experienced multiple unrelated forms of adversity including natural disaster, motor vehicle accidents, animal attack, near drowning, house fire, mugging, witnessing or experiencing war, gang violence or murder, riot, or assault with a weapon. Subjects were selected based on exposure history and not psychopathology, except that high levels of drugs and alcohol were grounds for exclusion. Subjects were paid $25 for completing online assessments, $100 per interview and assessment session (typically one 4-h sessions) and $100 for a one hour MRI protocol.
The sample consisted of 336 (132M/204F) participants and included no participants from our prior hippocampal subfield study (Teicher et al., 2012) though subjects in this sample were included in a recent publication on network architecture (Ohashi et al., 2017) . Data on race, ethnicity, education, parental education, family income, and perceived financial sufficiency during childhood (rated 1 ¼ much less than enough money to meet our needs to 5 ¼ much more than enough money to meet our needs) were collected. We included perceived financial sufficiency as an alternative to family income, as participants were often uncertain of their parents' income, and family income could mean very different things depending on locale, family size, and parental spending habits. General demographic information is presented in Table 1 .
Twenty-six percent of the sample reported no exposure to any type of maltreatment. Eighteen percent, 15%, 11% and 30% reported exposure to 1, 2, 3 or 4 or more types of maltreatment, respectively. This distribution reflected our strategy of oversampling subjects with high MACE scores. Fifteen percent of subjects with MACE ¼ 0 and 44% with MACE ! 1, had a history of major depression (Fisher exact P < 10
À6
, odds ratio 4.62, 95% CI 2.39-9.58). Similarly, 21% of unexposed subjects and 44% of subjects with MACE ! 1 had a history of one or more anxiety disorders (P ¼ .0002, odds ratio 2.87, 95% CI 1.90-5.37).
Assessments Maltreatment measures -self report
Type and timing of exposure to maltreatment was assessed using the MACE scale, which was specifically developed to test hypotheses about sensitive periods by assessing severity of recollected exposure to maltreatment, including peer victimization, during each year of childhood (Teicher and Parigger, 2015) . The scale was developed using item response theory and provides excellent overall reliability (r ¼ 0.91, n ¼ 75). Subjects indicate whether they experienced a given event and check off each year of occurrence to provides ratings on exposure to 10 types of maltreatment across childhood. Each type of maltreatment showed good to excellent reliability, as did severity of exposure across each age. Total MACE scores correlated 0.738 and 0.698 with childhood trauma questionnaire (CTQ) and the Adverse Childhood Experience (ACE) scores, but accounted for 2.00-and 2.07-fold more of the variance in psychiatric symptom ratings (n ¼ 1051) based on variance decomposition (Teicher and Parigger, 2015) . A key advantage of the MACE is that each type of exposure fits a Rasch Model meaning that it provides a 'fundamental measurement' of exposure in which items are measured on an interval scale with a common unit (Bond and Fox, 2007) . This is a remarkable property, rarely attained in scales used in psychiatry. To quantify extent of neglect the two types of neglect assessed by the MACE (emotional and physical) were summed for each year of childhood. Similarly, the 8 types of abuse assessed (parental non-verbal emotional abuse, parental physical maltreatment, parental verbal abuse, sexual abuse, peer emotional abuse, peer physical abuse, witnessing interparental violence and witnessing violence to siblings) were summed for each year. We included peer physical and emotional abuse within the MACE based on the World Health Organization that defines child abuse and child maltreatment as "all forms of physical and/or emotional ill-treatment, sexual abuse, neglect or negligent treatment or commercial or other exploitation, resulting in actual or potential harm to the child's health, survival, development or dignity in the context of a relationship of responsibility, trust or power." Peer relationships become increasingly important during childhood and rival or surpass parental relationships in influence during adolescence. These are certainly trusting relationships and adolescents can feel deeply betrayed by peers who violate their trust. There are also power dynamics at play when a child is ostracized by popular cliques or when a larger child physically threatens a smaller child. Hence, peer victimization falls within the scope of the WHO definition. Supporting this decision we compared the effects of retrospectively reported parental verbal abuse with peer verbal abuse on symptoms of depression, anxiety, somatization, anger-hostility and dissociation and found that they were equally strong predictors (Teicher et al., 2010) .
Test-retest reliability of broad abuse and neglect categories at each age was determined in N ¼ 75 previously reported participants (Teicher and Parigger, 2015) with inter-test interval of 66 AE 80 days (range 5-441 days). Abuse scores had acceptable-to-good reliability from age 3 on (r ¼ 0.654-0.882), whereas neglect scores had acceptable-to-good reliability starting at age 1 (r ¼ 0.620-0.875) (see Table 2 ). There were no gender differences in test-retest reliability except for exposure to abuse at age 3, which showed higher reliability in males than females (adjusted p ¼ .00008).
Recollected time course of exposure to these broad categories for the current sample are illustrated in Fig. 1 . Exposure to abuse varied predictably across development accounting for 15.5% of the variance in exposure ratings (F 17,5678 ¼ 14.99 p < 10 À12 , linear mixed effects model). In contrast, recollected exposure to neglect was, on average, relatively constant across childhood, with consistent differences across age accounting for only 0.3% of the variance (F 17,5678 ¼ 1.65, p < .05). There were no gender differences in overall degree of exposure to abuse or neglect and only a modest age Â gender interaction for abuse (F 17,5678 ¼ 3.11, p < .0001, .3% variance) but not neglect (F 17,5678 ¼ 1.053, ns). There were no differences between males in females in variability of neglect ratings across age. Abuse ratings across age were 5% more variable in males than females (LR test ¼ 6.99, p ¼ .016). We included composite neglect scores for all ages and composite abuse scores from age 3 on in subsequent analyses as composite abuse ratings at younger ages were not reliable in our test-retest sample.
Maltreatment measures -interview
We also conduct detailed 100-item semi-structured Traumatic Antecedents Interviews (Herman et al., 1989) on each participant as a means of gauging consistency and verifying the reliability of their response on the MACE.
Diagnoses
Structured Clinical Interviews for DSM-IV Axis I and II psychiatric disorders (First et al., 1997) were used to establish current and lifetime diagnoses.
Current symptom ratings
Kellner's Symptom Questionnaire (Kellner, 1987) provided measures of severity of depression and anxiety symptoms and the civilian version of the Mississippi PTSD scale (Lauterbach et al., 1997 ) was used to assessed PTSD severity.
Image acquisition
High-resolution T1-weighted MRI datasets were acquired on a TIM Trio Scanner (3T; Siemens AG, Siemens Medical Solutions, Erlangen, Germany) using a 32-element phased-array RF reception coil. Scan parameters were: the sagittal plane, TE/TR/TI/flip ¼ 2.74 ms/2.1 s/1.1 s/ 12 deg; 3D matrix 256 Â 256 x 128 on 256 Â 256 Â 170 mm field of view; bandwidth 48.6 kHz; GRAPPA factor of 2 and scan time 4:56.
Data analysis Random forest regression with conditional trees
A potential problem in identifying sensitive periods is collinearity as there is generally a strong correlation between degree of exposure to maltreatment at one age and degree of exposure at adjacent ages. This problem can markedly interfere with the interpretation of results using multiple regression analysis or structural equation modeling. An alternative approach is to use predictive analytical techniques with artificial intelligence algorithms such as random forest regression with conditional inference trees (Breiman, 2001; Liaw and Wiener, 2002; Svetnik et al., 2003) . This modern computationally demanding technique is well suited to the analysis of highly collinear data sets and can handle models with a very large number of predictor variables and does not assume a linear relationship between predictor variables and outcome (Breiman, 2001; Liaw and Wiener, 2002; Svetnik et al., 2003) . We found using MonteCarlo simulations with actual exposure data (n ¼ 530) and simulated sensitive period outcomes that random forest regression with conditional trees (Strobl et al., 2007) most accurately identified the type and timing of exposure used to generate the outcomes, and have used this approach in recent reports (Khan et al., 2015; Schalinski and Teicher, 2015) .
Our primary interest was whether severity of exposure to broad categories of abuse or neglect at a specific age was a particularly important predictor of hippocampal volumes. We also included covariates for brain size (brain segmented volume, and subcortical gray matter volume), measure of multiplicity, severity and duration of maltreatment across childhood, as well as age, parental education and perceived financial sufficiency during childhood to control for the confounding influence of sociodemographic variables. Training and testing were accomplished using 50 repetitions of leave group out cross validation (75% training/ 25% testing) (Kuhn, 2008) , which were averaged to evaluate the importance of each of the predictors to the outcome. This was assessed by sequentially permuting each of the predictor variables to ascertain how much this degraded the accuracy of the predicted fit, as indicated by the increase in mean square error. Permuting important predictors produces a large increase in mean square error while permuting unimportant predictors has a negligible effect.
To assess the significance of these mean AE sd importance measures the same analyses were re-run 5000 times using reshuffled volume measures to obtain the random chance mean AE sd importance of each predictor. Probability values comparing random chance versus actual importance measures were determined by Z-test with Bonferroni correction for the number of predictors in the model. The first hypothesis we sought to test was whether exposure to abuse or neglect at peak category/time was a more important predictor than could be accounted for by random chance. The second hypothesis was that the most important category/time predictors would be significantly more important predictors than overall severity, multiplicity or duration of maltreatment across childhood. This was determined by paired t-test of the importance of peak predictors versus importance of each of the three overall exposure measures across the 50 cross-validation replications (Khan et al., 2015) .
Image analyses Volume
Volumetric segmentation was performed with the Freesurfer image analysis suite, Technical details of these procedures are described in prior publications (Dale et al., 1999; Fischl et al., 2004) and the hippocampus was analyzed using an advanced release of newly developed segmentation procedures now included in version 6 (Iglesias et al., 2015) . Overall, this approach provides hippocampal subfield volume measures that more closely align with histological measurements than the prior FreeSurfer release or alternative automated segmentation algorithms (Iglesias et al., 2015) .
Shape
Vertex analyses of affects of abuse and neglect on hippocampal shape were carried out using the FMRIB Software Library (FSL) 5.0.7 FIRST tool (Patenaude et al., 2011) . This tool allows for a model-based segmentation and registration of anatomical images, where volumetric labels are parameterized as vertex surface meshes. Correlations between maltreatment and shape were analyzed at the vertex level and corrected for multiple comparisons by univariate permutation methods (5000 permutations) using FSL's randomise tool and corrected at the cluster-level using Threshold-Free Cluster Enhancement (Smith and Nichols, 2009 ) to a Family-Wise Error rate of P < .05.
Results
Hippocampal volume
Random forest regression with conditional trees revealed that the most important category/time predictors of bilateral hippocampal volume across all subjects were neglect at age 7 (all P values < 0.0001) and abuse at ages 15, 16 (both P values 0.04) ( Fig. 2A) . Gender, however, was an even more important predictor (P < 10
À16
). As there were no gender effects on hippocampal volume once brain size was taken into account the importance of gender as a predictor strongly suggests that males and females had different patterns of vulnerability with gender serving as a branch point for the different patterns in the random forest decision trees. Hence, gender-specific analyses were conducted.
As anticipated, males and females had distinctly different patterns of susceptibility. The most important category/time predictors of hippocampal volumes in males were neglect between 1 and 7 years of age (all P values 0.04) with neglect at age 7 being the most significant predictor (P < 10 À14 ) (Fig. 2B) . Abuse, in contrast, was not a significant predictor at any age, nor was severity or duration of exposure (Table 3) , though multiplicity of exposure was a significant predictor. Neglect at ages 1-3 and 7 were more important predictors than multiplicity, severity or duration (all P values < 0.002). In contrast, significant category/time predictors in females were abuse at ages 10, 11, 15 and 16 (all P values < 0.007) (Fig. 2C, Table 3 ). These were more important predictors than duration or severity (all P values < 10 À7 ). Multiplicity was also a significant predictor but less so than abuse at ages 10 or 11 (both P values < 0.02). Neglect was not a significant predictor at any age.
Hence, sensitive period analyses revealed that retrospective predictors of male and female hippocampal volume varied markedly by gender event though exposure patterns to abuse and neglect were remarkably similar (Fig. 1) . Males and females did not differ in degree of exposure to neglect at age 7 (t 265.8 ¼ 0.29, p > .7) nor abuse at age 10 (t 265.8 ¼ 0.99, p > .3). However, neglect at age 7 accounted linearly for 9.3% of the variance in hippocampal GMV (r ¼ -0.304, P < .0004) in males, but did not significantly correlate with hippocampal GMV in females. Similarly, abuse at 10 years accounted linearly for 3.7% of bilateral hippocampal GMV (r ¼ À0.193, P < .006) in females, but did not significantly correlate with hippocampal GMV in males.
Moreover, these gender differences cannot be explained by gender differences in degree of exposure to the specific types of maltreatment that constitute the broad abuse and neglect categories. Males and females did not differ in degree of exposure to physical or emotional neglect at age 7, and only male hippocampal volume was predicted by neglect at this age. Males and females also reported comparable exposure to most types of abuse at age 10 with the exception of parental non-verbal emotional abuse (NVEA) that was more prevalent in females (F 1,334 ¼ 6.407, p < .02) and peer physical and emotional abuse, which was more prevalent in males (F 1,334 ¼ 6.593, p < .02 and F 1,334 ¼ . 11.535, p < .0008). However, exposure to NVEA was not significantly associated with hippocampal volume in females (r ¼ À0.055, p ¼ .44) or males (r ¼ À0.135, p ¼ .12), ruling out the possibility that gender differences in NVEA were the driving force. Interestingly, hippocampal volume was predicted by peer physical abuse in females (r ¼ À0.142, p ¼ .043) but not males (r ¼ À0.035, p ¼ .689), even though males reported greater exposure. Hence, these findings are indicative of gender specific hippocampal sensitive periods rather than gender differences in degree of exposure to specific types of maltreatment.
Assessment of psychopathology as predictors of hippocampal volume
One theory is that maltreatment is associated with volume differences but only in individuals developing psychopathology (Bremner et al., 1999) . Recent studies however cast doubt on this hypothesis (Opel et al., 2014; Teicher et al., 2012) . We repeated the previous analyses adding 6 predictor variables (three for history of and three for current symptoms of major depression, anxiety disorders and PTSD). None of these were significant predictors (Table 4) . Indeed, their importance in the random forest regressions was essentially zero. The primary predictors (neglect age 1-7 in males, abuse ages 10, 11, 15 and 16 in females) were unchanged by the inclusion of these clinical measures.
Hippocampal subfield volumes
Results of the subfield analyses are illustrated in Fig. 3 . Significant predictors of CA1 GMV in males were neglect between 1 and 11 years of age (Table 4 ). In contrast, CA1 GMV in females was only predicted by abuse at 10 years of age. Hence CA1 had an extended period of sensitivity in males but not females. The opposite was true for CA3. In males the only significant predictor of CA3 was neglect at age 11 but in females was predicted by abuse at ages 6, 10-12, and 16 years. DG GMV was predicted in males by neglect at ages 2-5 and 7 years of age and by abuse at ages 10, 11 and 16 in females. Duration, multiplicity and severity of maltreatment did not emerge as significant predictors of CA3 or DG GMV in either gender, but duration and multiplicity were significant predictors of volume in CA1 (see Table 5 ).
Dose-response relationship
Random forest regression does not assume a linear relationship between predictors and outcome. To assess the relationship, we used the random forest models to predict the consequences of varying degrees of abuse or neglect at important ages while holding all other predictors constant. Invariably, abuse or neglect at these ages was associated with a sigmoidal decrease in volume. We then used non-linear regression to sigmoidal dose-response curves to determine the percent variance accounted for by exposure to abuse or neglect at significant ages (see Fig. 4 ).
Neglect at age 7 and abuse at age 10 accounted for 11.9% (P < .00006) and 6.8% (P < .0002) of the variance in bilateral hippocampal volume in males and females, respectively (Fig. 3) . Similarly, non-linear dose-response analyses indicated that neglect at most Table 3 Importance of significant predictors of bilateral hippocampal gray matter volume (GMV) in males and females plus importance of non-significant allostatic measures and covariates.
Predictors
Importance P* significant ages accounted for 16.3%, 4.1% and 7.8% of the variance in CA1, CA3 and DG GMV, respectively, in males. Abuse at age 10 accounted for 5.5%, 8.1% and 6.1% of the variance in CA1, CA3 and DG GMVs in females. Hence, CA1 was predicted most strongly by exposure in males and least strongly in females, whereas CA3 was predicted most strongly in females and least strongly in males.
Hippocampal shape
Results of FSL-FIRST analyses showed the effects of neglect at age 7 in males and abuse at age 10 in females on hippocampal shape (Figs. 5 and 6). Abuse in females was associated with prominent effects on hippocampal head and tail and minimal effects on hippocampal body. Neglect in males, on the other hand, was associated with prominent effects on head and anterior portions of the body with substantial effects on the tail limited to the left hippocampus. These effects were specific. There were no significant effects of neglect on hippocampal shape in females, nor any significant effect of abuse on hippocampal shape in males.
Discussion
Overall, males and females differed in sensitivity to abuse versus neglect, in temporal windows of vulnerability, in subfield susceptibility and in the location of alterations. These appear to be intrinsic differences and cannot be attributed to gender differences in severity or variability of exposure at peak ages. In females, exposure at peak type/time varied in importance with CA3 > DG > CA1. This fits with our prior report that subfields containing CA3 and DG were more susceptible to maltreatment than CA1 in a mixed but predominantly female sample (Teicher et al., 2012) . The greater importance of maltreatment on CA1 in males in the present study is probably due, at least in part, to the more accurate delineation of CA1 in the most recent version of FreeSurfer (Iglesias et al., 2015) .
Greater susceptibility of males to neglect and females to abuse was also reported in a preliminary study of corpus callosal morphometry (Teicher et al., 2004) . These neurobiological findings fit with results from clinical studies that tend to indicate more detrimental effects of neglect in males than females (e.g., (Rogeness et al., 1986) ). Gender differences in the effects of maltreatment on hippocampal shape may also have significant clinical implications. Anatomical and functional studies suggest that the hippocampus is organized along its anterior-posterior axis with greater posterior specialization for spatial location and navigation and greater anterior specialization for unconditioned fear, emotional regulation, episodic and autobiographical memory, and visual scene perception (Strange et al., 2014; Zeidman and Maguire, 2016) . Genetic marker studies, on the other hand, show three sharply demarcated domains dividing DG and CA1 into anterior, intermediate and posterior portions, which leads to a model of functional organization that superimposes long-axis gradients onto discrete functional zones (Strange et al., 2014) . Hence, gender differences in location of long axis abnormalities may result in different patterns of neuropsychiatric and neurocognitive consequences. We suggest that hippocampal susceptibility and response to maltreatment represent one of the most important gender differences in the developing brain.
Mechanisms underlying gender differences in susceptibility to maltreatment are unknown but may be due to hormonal factors and intrinsic dimorphic differences in developmental trajectory. Hippocampal volume in males increases linearly throughout the 5 stages of puberty but peaks in females at Tanner stage 3-4 (Goddings et al., 2014) . This suggests that pruning may be a more active process in this region in females and that childhood stress may shape female hippocampal development by augmenting pubertal pruning. In contrast, stress may affect Fig. 3 . Mean importance of age of exposure to broad categories of abuse and neglect in predicting bilateral gray matter volume in CA1, CA3 and dentate gyrus (DG) subfields in males and females. Note differences in scale between graphs. male hippocampal development by attenuating overproduction and neurogenesis. Early sensitivity in males makes sense as androgens act on the hippocampus to provide a protective effect that operates by enhancing neuronal survival (Mahmoud et al., 2016) and androgen levels typically begin to rise in males at about 9 years of age. The lack of susceptibility of the CA3 region in males may also due to the intrinsic capacity of the CA3 region to release protective survival factors particularly when stimulated by androgens (Mahmoud et al., 2016) . These dimorphic differences have also been observed in translational studies that show that dendritic morphology in CA1 was sensitive to very early levels of maternal care in male but not female rats (van Hasselt et al., 2012) and that CA3 dendritic morphology in males was not significantly affected by early maternal separation (Eiland and McEwen, 2012) .
The present findings also provide compelling evidence that abuse and neglect are prepotent predictors of hippocampal volume. Sociodemographic factors (parental education and perceived financial sufficiency) were not significant predictors once maltreatment was taken into account, nor critically were histories of depression, PTSD or anxiety disorders. Maltreatment has been a critical unrecognized confound in the vast majority of psychiatric neuroimaging studies. Current findings suggest that maltreatment per se is the key determinant of hippocampal morphometry and that depression neither mediates (Teicher et al., 2012) Fig. 4 . Non-linear regression to 4 parameter logistic models indicating relationship between hippocampal gray matter volume (GMV) and degree of exposure to neglect at age 7 in males (gold line) and abuse at age 10 in females (black line). GMV was scaled to provide male and female mean values of 100 with SD of 10. Exposure was scaled to indicate percent of maximal reported exposure levels to broad categories of abuse and neglect.
nor moderates (Opel et al., 2014 ) the relationship. A limitation of this study is reliance on retrospective self-report, which theoretically could be affected by memory impairment associated with psychopathology, and mood-congruent memory biases. Brewin et al. (1993) , in a detailed review, found little evidence to support these criticisms. Studies show that retrospective reports of abuse are verifiable (Chu et al., 1999) and modern instruments for assessing maltreatment all show impressive test-retest reliability (e.g., Childhood Trauma Questionnaire r ¼ 0.88 (Bernstein and Fink, 1998) , MACE r ¼ 0.91 (Teicher and Parigger, 2015) ). Less is known about the validity of retrospective self-report in capturing timing of exposure, and a limitation of this study is that we did not have subjects indicate how confident they were in checking off ages of occurrence nor did we give them the opportunity for indicate that they did not recall when it occurred. Nevertheless, there are several reasons to believe that these temporal measures may be meaningful. First, as indicated in Table 2 , and in a previous paper (Teicher and Parigger, 2015) , these age-specific ratings have substantial test-retest reliability. Second, subjects are nuanced in their reporting as the 10 types of maltreatment, with few exceptions (e.g., witnessing interparental violence and witnessing violence to siblings) have their own unique temporal patterns (Teicher and Parigger, 2015) . Third, these retrospective patterns correspond to reported temporal patterns observed concurrently or longitudinally, which include physical (Straus and Hamby, 1997) and sexual (Finkelhor, 1994) abuse as well as peer physical and emotional bullying (Berger, 2007) , and match reported gender differences. Fourth, additional support comes from neuroimaging studies. For example, we had previously reported that fractional anisotropy in the inferior longitudinal fasciculus was predicted by witnessing domestic violence between ages 7-13, which corresponds to peak period of myelination of this fiber tract (Choi et al., 2012) . Similarly, we know that visual cortex is highly plastic in primates until about the time of puberty. Effects of witnessing domestic violence and experiencing sexual abuse on gray matter volume of visual cortex is highly significant prior to (Tomoda et al., 2009) or surrounding puberty (Tomoda et al., 2012) but not after.
In terms of early exposure we found that broad abuse scores showed test-retest reliability for recollections of exposure from age 3 on. This fits with observation that age of onset for adult memories of childhood typically occurs between 2 and 4 years of age and is earlier for salient events so that hospitalizations and birth of siblings can be recalled if they took place at age 2 and moving homes at age 3 (Usher and Neisser, 1993). Further, younger individuals can recall earlier events than older adults Fig. 5 . FSL/FIRST analyses illustrating portions of hippocampus (blue) in which shape inversions (depicted in orange) correlate with degree of exposure to neglect at age 7 in males (n ¼ 132) and abuse at age 10 in females (n ¼ 204). Exposure data were transformed to mirror sigmoidal relationship between maltreatment and volume. Fig. 6 . Effects of maltreatment on hippocampal shape across anterior-posterior distance. Plotted are the number of shape vertices in each coronal slice through the hippocampus that significantly correlated with (A) neglect at age 7 in males and (B) abuse at age 10 in females for left (black) and right (red) hippocampi. The transition between head and body occurs at about section 14 and from body to tail at about section 33. (Tustin and Hayne, 2010) , and our sample consisted of young adults. Hence, it makes sense that broad abuse ratings started to show test-retest reliability at age 3.
Severity of exposure to physical neglect was determined by response to questions regarding availability of family members to take care of you and protect you, to take you to the doctor when needed, if there was enough to eat, whether you had to wear dirty clothes, and whether people in the family looked out for each other (Teicher and Parigger, 2015) . Emotional neglect was indicated by parental unavailability and absence of family members who made you feel loved, special or important (Teicher and Parigger, 2015) . Hence, subjects made inferences about what they believed their family was like for ages they were too young to remember. Ratings of neglect from ages 1-4 correlated strongly and inversely with maternal education, maternal and paternal caring, and financial sufficiency. Ratings of neglect were more stable across age than ratings of abuse and had acceptable test-retest reliability for this time frame. Further, we found in 18 participants who had attachment assessed at 18 months using the Strange Intruder paradigm and followed longitudinally by Karlen Lyons-Ruth (Lyons-Ruth et al., 1990) , and who we neuroimaged at age 29 (Lyons-Ruth et al., 2016) , that errors in maternal infant communication at 18 months correlated specifically with MACE ratings of emotional neglect at 1-3 years, and very weakly with emotional neglect ratings from age 6 on. Hence, very early neglect ratings appear to be reliable and supported by prospective measures. Nevertheless, gender-specific impact of neglect at very early ages will need to be verified in longitudinal studies, which are also necessary to delineate the cascade of molecular events that result in the emergence of maltreatment-related differences in hippocampal morphology.
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